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9 41 : (tjO t»R.B C&X) 

: (tjO IK jK g 

(**.)• 

Bit : (tX) 



*■ # m % % - * 4b ^ * * f ** # * «t ' * * - 

s fei u ft ft * - ^frm&^fr^ftfo&foft&^^fc^fo 
# # * * 5! * & ; + 

tt i& # « ft A ' *r & *J Itr & #- % & ^ M 5- is * # It fid 4t * 
® !M& # ^ t& # & ^ > #*b*#fl&##-*#***# 



A holographic data storage system having high density and 
compact memory architecture is disclosed. The system includes a 
laser light source, a spatial light modulator for data input, a beam 
splitter for separating out the reference beam from the parallel 
laser beams, and a beam steering system. The parallel laser beams 
pass through the spatial light modulator forming a two-dimensional 
signal beam and carrying digital data. Unique patterns are 
generated from interference of the signal beam with the reference 
beam and recorded on the volume holographic medium for random 
access of stored information. The light reflection angle and the 
phase distribution pattern used to control the data recording are 
also indirectly stored on the volume holographic medium. 
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( 1 0 ) 1& * * « (20) t#*f»fc# 
(30) & & * 4 it «t (3 1 ) « # M o 
(40)*SW«ftS5 (50) 
(60) * 4" * * 31 * *fc (70) & 4ft « II 





* ® m % mifr - n * 3Mb at s*. * w « # * *t • * & 
- m * a tt # # a - ft * tfffi a *r a'* ##.t*t*-**& 
# & & • 

#| & 4- ft #j £ J- # & # (multiplexing recording 
technology) » 4£ # flt <& # 3r ^ (holograph i c memory )£ 
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4 m & m ' n & 4f £- at tt if * A *r A 7F a & it ft t% & 

ft 3. 4- ta if * A #5 * J* & * ffl -fc. * f 44 & #t # tt. if 

j^^t^^ ' * % % % a a* • * # # % s sfr at t a if & m. 

(holographic memory system )ftftft/^-t4fl.£.3fcjfi5.g.'sr4r 
It # A $ g € ^ JL _L ' *AWB**M4'h3! * * 

# # * J.j&*te*ft**«Affi*ft***# ° 
fT£t~te It (laser diode) $L # ft * ft # A • 'hSl*^* 
ft # Jft — & 6 # 1$ 1Mb ft £ t& • £ *h ' if *f- ± Ot t£ if 2r 
3, ft & # % #. ' S lKTHfe.*'ha!-fb6&J*iBt«ttt«t«:dJ • 0 A 

> tt £ at «. it * & >» & ^ ft « e, fit * b£ ^ f» « & % ft 

it # ffil ifc - * A m • 

* M £- Ot *S if & *fc ft * 3* 4b 2r A > * # A » * it % 
^ ft ft & >i it if & (opti cal disk memory system) » 

3r at *& if i ^^t^t^^^rw^tffl # **. ft ^ #t # 

(media rotation) # & *. it 4t f *t ft # ' H *b Ot te f* 
i& It (holographic recording medium) ;f PR. #1- & — £ #- J& 

m&fc ° £ - «t * ^ 4b ft ^ at te. if * «. t m 4* « ft ^ at te> 

if£$ff ' A A -I- *- It (ft lxlxlcm 3 )^ * 2r It ft $ 

Hfe ' ® itb ' X # Si ^ * **. ffi 4b ft & ^ & ft ^ 4£ ffi & 3* # ft 

* «■ — & it ' «. -r IL ^ A tb # ^ ft * ^ >1 te, if ^ M, it 'J- ft 

3! ^ Ot te, if ^ M, ° 

it * 83 # + -H- El m ' A ^ B * #'J % 5, 959, 747 l£ #r 
^^■Ot5fc«^^iSfc^^^^r*ffl ' tit s # 5)4 te if 
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(information recording )$& ft b$- • — ^ jfc * ( 8 3 5 ) 

# & i& - ^ * & >! (beam splitter ) ( 8 3 6 ) *n & % - 
at«ft** (signal beam) (831) A-i|f f4lA#4 
it ^. (reference beam for writing data) ( 8 2 0 ) * M 
afcttft**(8 3 1)'*#«*3--fr**l;;* (833.) 

• ft # # * * *fclt*J - 
(optoelectr ical integrated circuits ) ( 8 0 4 ) i. ° 

4 ) 4l *» *P ffl - #?'J^i^it (pixel ) ( 8 0 6 ) * ?'J t 
> 4~ m 9L H (modulator) ( 8 2 4 ) t t I a f la 
(information )#r fj- J& # it 4fc ^ ft- (digital image ) ffij & 4t A 
- * 4# Mi & (modulated signal beam ) ( 8 2 6 ) f'J - 
B B a ft (crystal cube ) ( 8 0 2 ) t • f ilt^lflt*^ 
( 8 2 6 ) #"*#*^*4r*.* ( 8 2 0 ) ♦ 4a 5. £ tie a B a 
It ( 8 0 2 ) t ' fc*i*&*/tfi&j&ttfc#n 

* & ft ( 8 0 2 ) • 

- *t to ^ ft • H'J ^ # 2'J ffi - & 4* * * >t 

# (dif fractive optical element ) ( 8 1 0 ) Hfeiif ^ 
£ ^ # # & £ (820) £ x 4i a B a ft (802) t«H 
A ° 

# idL ft « * ^ & ft <& if f *4 ^ tft ft 3ft a • £ - >F © 
t #■ -ft ?4 t| %l (information read-out ) % ft b$ . # f 
( 8 3 5 ) *J§^*«k^ ( 8 3 6 ) * + 

at & * (8 3 i ) m & & m ' fl&j^*^-5jt#-4rife* ( # 



6 



2 0) & 51 A »Jt3r5ftttA#*#7t# (8 1 0 ) * afc £ 
#4 * * (8 20) >F6 » **«5t-fijjtA*4t*|6» 
(self-pumped phase conjugator) (832) 
4fc ^- $L II (sel f -pumped phase conjugator) ( 8 3 2 ) tl 
£ ili — & rSj#&i|#.ffi£-4"jfcjfl ( counter propagator 
reference beam for read-out data ) ( 8 2 1 ) Jk i& JH" f'J 
b b b It ( 8 0 2 ) • ^ 4ft. • tt JL It ( 8 0 2 ) ♦ JL £ - 4 3t 
ft (reconstruction beam) ( 8 2 5 ) M fa tSi ft % fa % 
^ ( 8 0 4 ) • #4*t«*t* ( 8 0 4 ) AW*** 
* ( 8 0 6 ) t^«*8 ( detector ) ( 8 2 3 ) » *t ft 
^ * (digital image )t* dj > *#|»iljJ5-**t'fit^*Bf. 

m * *l A t£ * 4t * ^ to # ( 8 1 0 ) £^^4iti^eit 
ft gp -sr e 

* lit it £ B #'J $ % A % U T fid *fc K& : 

1 ( 8 0 4 ) fi&*fti4*#J.*#4a 

tail • 

2 • * « * * ( 8 0 6 ) ft m fi ( 8 2 3 )*»tti 
S5 (824) & ^ tit *a ig to. £ » S*b*#**4£#;4i-( 
8 2 5 ) ft-«A4«fl[ ° 

3 • 45 tt & ^ * *fc fid *t tf * # ffi 4b ' /& ^ A • 

[ # U ft & ] 

*ft»a#Si^fltAf fli t& if % ii gift & 

t* > 4* ft ' *#W4L-JL#lfi& 



% it & M & a • 1 1 ^ ft & f m « # * <fc # * * : 

- ft. «. ^ 4& It ' 7«#-if*St4W^flif *l 

-ASSI tB g fi (spatial light modulator ) » fit ft 

it -f- e & * ^ * j& _t • * - 2D d-^WBiutjfcwiU'j ' 

- it ^ ^ 7t # ' # # ^ 3tr it *r Tfc 4t & s& a ^ ' « 

# & 51 & ft ' #tMI*£*$ k tttftfc3-*7b#tt 

ft * 4t ' ' Jt^tt^^fctt^Htt^ 

W-A-St^^W-fitfLit^^^^ftte^^jltrt ; 

- 4" & ffi 4§ Ol £ ffl «| ft H ' * tit £ ^ t* # # ifc ^ 51 

- m & & m n ' *#ifeet*t«^nf ' & <ft ssa a 
4 * ^ *J t*^ ft. ' 

a # * ft IB 

[ * & 2r 5^ ] 

tt#-M«-i«/9f5F ' # ^ * # w & ft ^ t ft n ft % & 

- te. 1$ & It (recording medium) (10)'' 



8 



n & s. t 4 m % -f- # m * ' *##^rw^^*f^B B a it 

*J*a LiNb0 3 :Fe - BaTi0 3 # - & * # 4ft & * # *f ' *! *» & k 
tef^^^ ( Photopolymer ) ; 

- H 4t & # 4t & #( laser emitting assembly) (20 

e fq tw «■ «■ & 4t ' 4*. f 4t * «t * & * m & «. ifi - 

Ji*. i it ft; (cy 1 indrical collimated lens) (30)^- 
4£ ^ M o (rectangular aperture )( 3-1 

- * ffi W tfl * iS (spatial light modulator ) ( 4 0 ) 

• %h 2D # If &] » & M P# #! ' ffl * flfc *£-fcff*ttt*fr>^ 

- A ^ t it # ( 5 0 ) »'ft4t*MiS-st- 5 p-4t**.4L5fci*. 
a _l ' a a- Hi - *p # ft & 4t ; 

- # # & ^ 31 & j& (reference beam steering system) 
(6 0 ) • A«MI*6*MWrifc*fr*>t# (50) JP- *f 

iiA^jii . & s^ifi &itm & ft ( i o ) w ; 

- # # & ffl H iSL £ ft 99 « H ' * «fc JL *M£ # 4" & * 51 

(70) »**sfefi-*iftt»*B*'*^r 

ik m a#-4r*,^«fj«^^i&«k*Mt ( 1 o ) & m j. &. & 

f 4* # ■ & & m tt » «#*-#*H!iH*t*. • 



lTf#lA»H^tl • * * tt 1& # * *t ( 1 0 ) t * W 

a 4 ^ *, * 4* * (*» *r # * ) M -t w « *b . ft *r « # 2 -at 

* * * (coherent light) 3L m 3 & £ H -f * 

H £ (interference pattern) - ' * 

f 4t * ♦ * to # ( 2 0 ) H # - « * * si * * « * * ^ ^ 

^w^ft-ftw^fi-wnnr*** ' * * * * ^ * * * 5fe 
hkj 5«- « -t *r 't* * tit & # * m ft # ( 5 o ) ' a* *t * * « 

t tt*^*** ( 5 O ) a * -&4t*fc(iiiirrorl>#* ■ 

*ifc^**^.&^«; (mirror2) * 9 X * ^ (mirror3) m 
&.j&#;£4-7k3MI£&.(6 0) ' ft A & " * # 4T * 
(reference beam) ° 

ft 4^ «t m #j 3 - w & & * e * * *P ^ * & * ft p 

18 & 8 (spatial light modulator) (40) » * * «fe fcl 
t A * - * * A LCD ft ft • *h ? it A LCD ft *P # * * *t 

# * ICT A It * ' * + ^ * * * * * * * LCD * * * * * 
& - ^ :£ f #4 1ft. & #M£ M, & (objective beam) ft 4* A te, 

j« « ( i o ) • * «. * # * * *i * * ( 6 o ) m & # # # 

& ' j»*tt#;£#A4*4&.ft#*A,4*fc&ifcAt&$fc&* ( 1 
0 ) ' fi* ft ^ fi- m tl # Ol % 1° & Jk $ J- it m (spatial and 
angle multiplexing recording) • & t ' # - * # # £ 
a «- 4ft. ft *° a «- % tL ft *■ 4 * m n M , *J 4* £ - I # *■ # 
4& # <& if t* 5*. . 
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Tfrifc****ftft****t&**« ( 1 0 ) t £ 

it J. 4. -f- * % * - **^»**fc#fiW-t******* 
Hii^^ . it 4* «. * * * ( 1 0 ) rt *P * * *t ft 
<b & £. £ H -t * ' *P ft * * * * * * * * >* * * ' le " 

* # it ( i o ) ft *p * * *t f a w -t- # * ^ * ^ # * 

. ^*t*tt,*te*** ( 1 0 ) tt^T***.*^^*.* 
t^JT^i^f ' JL«4**tf#Tftft* + tf***» 

t * « ft • ^^rt^s-Stf***** 1 * ' * ,J w * * * * 
*#ft***^#*****> LCD 

* # & ^ «■ -a. * *» ^ «■ A & * * * *> %? ^ ° 

%% £. Bfl % J= m ft * ' * * «. ifr & & * * * ( i o ) t 
if A f ' *'J & * LCD © 4S. ^ & * * & & ^ * ? & 

o ) t ■ # * m ■ # # a « 1 1 ^ «f * n * * ♦ ft * * * 

ft£ft**ft(*P*#*ttttt#iiL*) ' tt * * * * ♦ 

*#fcftft*tt4fsft#***J*ft*'fc lrtifi ' ife *' * *> 

* ft £1 8(70) ' « * ft * * C 7 0 ) *P *. - * * # * 
^ 7b # (charge couple detector • CCD) > Bp CCD 

*t ^ CCD #»«ft^T**A4i*.«#*<£<H*«t ( 1 0 ) 
t # * Hft f # ' *t CCD 7t# # 4- 4 * (Pixels) 4ft. £ i 
ft## LCD & fei*t * (Pixels) W 4t ft #"*t S 4§ W • 

jfr & Jf& - & M ft (mirrorl) ^ £ ^ & It ft; (mirror2) i* 
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X ']> ' fa >i 60 * - Sl % $L (mi rror 1 ) * T it A $T '& 

& $. W « £ II ( 4 0 ) 60 T ML to i • jaaft*,J*4£«*t* LCD 
© & 60 $ # ^ 4t & 0 ffij (mirror3) 6*j * -f- # * *° 

A 5. ^ ft 4b 60 5 tte«*^P3KW*^t#Bt- ' &faMM 

«- It 60 * * & % *> n & ' «. at « * 4 * ^ ^ «■ £ * o 
i ~ n & ^ a ° 

#3fe4lE**SEW1Plft8 (40) 60 LCD © ft £ ffl IN ft 
fS , & g # ii. ^ 60 LCD • LCD Sfei^f t 

(pixels) 60 ON/OFF # B *0 ' ft ^ ^ * - X 60 ~ A £ M & 
-fit ^ ft. ft ^ ' ft * 6 * * * * (20) 

£ 4l it & ' i4$ru*4*^^4*^»*^i^^* 

» Jiit^*4H&*«n* (l o ) n ■ * 

ft it 4f ft 1* #■ ■* ( *° * -2- ■ ft * ) •4-^*Bp**PA^ 
it Jo ^ ° 

tf #- 59 3£ E9 - iffl/Hf* ' A * ft a £ ^ £ - * & *J ' & 
A t& -Mf M> & M ^ $ — * =. B Wt *Mi 4f ' 'It $ - & 4* & 
LCDft#L##««;*Sfflt«ft3S(40) ' JL ft * it ft *b 4E 
tSt 9 - -SL «■ 4fc ( mirrorl ) '*r*«4fcfl*J ,( 
mi rror2 ) 0 

tf #- ffi % A * -fc B m ^ ' & ^ it * - ^ «fe W 60 & ft. 
' *#-4rifc6<jifca*-#-Lft*t"-«£W4i<itt«ftiS ( 6 1 
) ' -fit 4f #» 4 * 60 iff a& £ ffl 4i -fit *r j& 3i # £ 60 ^ ^ B 



$ ' - m & M & %. *\ » £ w * -to. a- ^ & 44 & a. 4& ^ & # 

^ ^ f ^ , ,tb ^ *& fcl *g 7 it & #r t # 4s to £ ^ 

IE, It (phase code multiplexing recording) # ' «\T & 
£ JU] *M4 tH ft S3 ( 6 1 ) ^ra*.-stt#Jktt£-*?fc5$. LCD 
© & ' a. ' * ^ « * * I s ! to * SF * 

& * * * I s ! * A 4a to «■ * * * ' * * * * * ' * * w 
4a -fit ffl ft H tt 3£ it 4a to SI * & * 3* * * 153 & £ ^ * ^ 
& & • it ift ft m * 4* tt. 6*1 * & * * * # ft w ^ to ^ * ' * 
<j*«t6<I*ift*^A*- i p-fi-*8'*-#**5l *ftrt*&***tji 

it #- u ^ a. n m ft • # w ^ * & # (20 
) m # a # » «■ & * & ft & # • * & & ^ & * - ® * 
«r m ft fr «■ — ft a & *t m # <t * E & * #j f «■ — *fe ft 

* It #1 # M — 4& « #t & # * * B £ ' # H & - £ to ^ & ^, 

* & tt to * ' t f M & Ml a a ^ i it ft 4£ ^ M a ft 

^ ^ # - >f @ jl # & t & a n & $k # & & * # * m * ft 

£ J- te. if (wavelength multiplexing recording )• — A 
*4*^jfc*^l*f*3EW^to^^HA^to*^A,4tftA«I 

#■ # Tfc ' « te, it ic tt & & & - I *t to fHI- 1 & ° 

% ft > % 1 ffilbgl® m % *fc ^ J3EL ^ ** ' -^r 
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a it # 44 4£ * $ #< # ^ # ^ ° #J *° ° ffl - 3£ f 4t & ' 
f^^lTi-l^^ 1 ^ * ****3MI**fc (60) 
,°> t#^^ftA4H4f ^if ' *n * «t A. 4* /I ft 4ft ' & 
***'li4^** ( *» * + W m * ) s & ^ # # *. ^ 31 

ft ( 6 0 ) K * #■ 4 * * ^ # /| A ft 4ft ' ffn * *fc A~ 4t 

-fit ft t& ' ^ A. 4£ * 4£ £ # J- # Jfe ( *° * + - M ft ^ ) ; 
5 H^HfflH*ffl^W^tifi(61) ' «. A 4# * 

4a #l ^ £ ^ j& • 

fit ' 5& it ?'J # — JE. w 3" ^ W 13 (square aperture) ( 3 

1 ' ) — -ft & % W » (narrow rectangular aperture ) ( 
3 2) » i|i§jLffi^r^PI o (3 1') IT # -fr & * • ♦ 
*J it « * « * ft M « ft » ( 4 0 ) ' ft it ft * * & & M 

0 (3 2) tt**t + 4f**'t'Sfc^*#**MI**fc(6 0 
) ' itb b^- $ - Sl % 4k (mirrorl) % ~ Sl M (mirror2) 

^ eifr 4£ ft • 

£ iff & ft # 4" * tf- 51 ft tt (6 0 ) t ' A * * 4t « * 

(mirrorl--mirror3 ) > H *t *T & ft # ft A. f 'J tS # 4* ft '( 

1 0 ) ttA-*4fc**»A*tf*£ • aftitft/*f««ftl#i 
ft (spatial multiplexing recording) fa fL 5 3- % Z ft 

(angle multiplexing recording) • # # # it ^ 51 ft ft ( 
6 0)44** + *4t4SH*ftfl*8 ( 6 1 ) h£ ' J» & 
^ % m & & % * ft & & %- & ^ *P ® * (phase 
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distribution pattern) » jaftife4rmtJ!tt*i4fc*%£it&** 
(Phase code multiplexing recording) • 

flij*7ia*,*#**MI*tt, ( 6 0 ) dL fl * *ft * ttte 
X * A it « JR. * ^ ' M *ra#|flttt#**M|jfc# 
(electro-optical beam steering device) 4f & # 

& • 

« _l m ^ ' # b ^ ^ ^ \t & t *4 « # * ' ^ # ^ it 
tt « Jt * # ffi ' i^r^a***i • fli***.***^^ 

[ H ^ ffi * tt, B J1 ] 

( - ) H & *p ^ 

# - g) : # * # b/§ ^ - iL |ft *h % @ - 

$ z- * .= m - % ft m %> # B ^ * - * «fe #j ^ e ^ # t 

# IE, - If Jfr ^ 7F ^ SI ° 

% * i ® : #. # JM * # B £ * — * «fe #'J ilfi-^it 

f4 te * it & *~ 7p & n • 

# * * -t m - & ft #1 % 4- # m % t & m as. n & % f 

vl # » tt B 3- * IB ° 

% y\ ffi : #. i f ^ t ffl - ^ * ^ f il ^ L C D I, # # 

9 yL m > # ^ # ffl #i *t I® * n & ■& ^ t *t — & # 
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% + ® : * # W $- % H * & ft ^ 4t to £ ^ 7fr & ffil • 

* h- - Ba : ^ # B ^ # # & * zfc ft ^ h & * m 

o 

3j? + eg ffil : #. * + =.HIt^*«4»tt , es»-*9«P'F*IB 

o 

( ) /& # ft * # ft 

( 1 0 ) is * (20)t#*t*fc# 

(3 0 ) *fe JR. * JL it 4; ( 3 1 ) « ^ M9 o 

(3 1') JL*&m * (32) f 

( 4 0 ) £ H « ft II (50)*^*7b# 

( 6 0 ) * 4 & * 51 % *fc (6 1) Sr^iji^tg 

(70) * 3d II 

( 8 0 2 ) B a a ^ (804)&€^ft€J& 
( 8 0 6 ) (8 10)*4tjfc*7b# 

(820) t*JtA^#*jH 

( 8 2 1 ) ft # 3* ffl # # & ill (counter 

propagator reference beam for read-out data ) 

( 8 2 3 ) 4* m n ( 8 2 4 )il^ (modulator) 

( 8 2 5 ) tJt** ( 8 2 6 ) ilillTti 
( 8 3 1 ) « ft & * 

( 8 3 2 ) i&^te-fc&l&Si self-pumped phase 
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con jugator 

(833) ( 8 3 6 ) # * *; * ( 8 3 5 ) t M * ft 

~ * IBIS 111 

1 • - * * 3S 4b 4H s*. f #t # % «, ' a & * : 

- 41- 1& ^ & IS ' -sTte^-^iS-ifttfj^te^^IH 

* » 

- JM- & # # U 44- ' 

- * £ « W ft 8 • t£^ifriiI£^#;fcjtt4L&5kJi ' m 

- # # it 4* ' #4£;jfr]ifri£^#7fc£4L&3M£-h > a 

#J 4t £ & & ^ 4* 44 j£ * m ® £ M 4s 44 ^ it /v ift i& it 

- 4S & 4* *J 8 ' **Sfcfi-t«**8* ' *T«*H|- 
4 & ^ # $'] « 4* ft & ft m £ ft IT «■ # £ * tfl ^ ' 

a 41F * 41- <£ if & «#Wsl4$tib&3L ° 

2 • t tf # *<J IE ® % 1 ^ M & 4l * 31 4b £ W *4 

#t # A ft • * * * I* * # «■ & # ' 4$ «. * * - It # ft 

# f M & ' *8. i& - & ^ ^ % it ft & - & ffl a & J& * * * 5ft 
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i 

3 . & ' f t* * *J ft ffi * 2 * at 54 ^ * 38 4b * 4* * * 

r' 

it 4® *T # «■ * I s ] & # IT M ■=- & It * i* fc. » J- :Hr # - £ 44 

it 41; t * & ft 44 £ Jl - 

4 . & t if 4 #>J ft SI 2 *Jt m it ^ * 32 4b 4fc & t # 
tt # *l ' jfr it 4f A © ft t 4* & # M ta. ft t #j f «■ — 

^t£&^#.;i:i£^#t:fc&ft44f._t ° 

5 • *» f ft * *»J ft IB * 1 # m it * 3!! 4b 4#l 3, f 

ft # £ ^ » tt&^«*/t#4fcifc--'»l5.# & (Mirror) » & «t 

tt # % *fc ' t£ & ^ Hfc it 4+ 4* A - 40 f -R: 2r ^ Bfl o (narrow 
rectangular aperture) » &fJt^ifrit^e;fc&^;fci&#_t 

♦ fa m & - W A % % K ft & If & ' a # ^ # # 
& ffij Sf- 7v t£ # & t£ ?! & ft • 

7 . t ft * #i ft IB # 1 « # it * m it & 4& & t ff 
M # & ft ' i* #- * tc, ^ 51 * ft 4* a * $t 4® & 4i «; (Mirror) 
*o - & £ JSL M ft. *- 44 jfc & % Jk 43 $k %k tft Is. $L > * t H 

* & *'J it # & 4* & (Mirror) titft&J?&ftaXfi#)^to% 
S. & ^ M 44 I it ^ 4£t te. # #> It « 0 
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8 -*tlt + #JI&n*l 32 4b **** n 
t& # & • HE ^ 4t & * 51 & * A " 4® t 4S * * 51 * # 
(electro-optical beam steering device) • #4t^^k 

% & & a ^ ft ^ % & & ^ M M. & ^ & & izm & & ft 

o 

9 . f ft 4. & b % i ^ /9f it z_ /Jn 4b 4& * * «■ 
# & M, ' #ii£#ifctMI*<fc^**&-fc-4&*.ifc-#-«t* 

- £ fel 4£ ft H • 4£ ^ # & * * * ft # St » £ ffl * 44 ^ 

aM- ft # & & ' £ Pb^ 44 18 ft H °T « & - 4@ £ ® £ & ^ LCD 

2£ -at St • 

1 1 •^ft**#l£ffl#l*/tf3i*L'h3a4b£-fc.3,* 
' ^ it & £ ft « ft H 4ft * * £ it ^ LCD ® 4EL 

& 4l ~ ^ ^ ftS ' a 4t & t tf4 # $fr ^ & * ° 

12 + #4 I6ffl#l *K m si ^ * ^ 4b ^ 41- 5$, f 

*4 « # & ft ' M3&&&Min&n' s ru&3lHjBLM# t LCD ® 
*L ff[ 4* j& — ^ £ M ^ .? £ & * M ' *T4fc#.£:8*flK** 
# JH- te # 4t & £ £ M it & JSL % - it 4£ JSL M & A ± 
£ ® Jt % £L M M * & M ft P# ^ ^ m & & ft i% ft \t 

• 

1 3 • t t* JM'J f& ffl # 1 * /9f Si ^ * ^ 4b 4$. 5$, t 
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m 4% ft % ®t » M & & ik m SS*-t^*»^7t# (charge 
couple detector » CCD) > * «r ^ m i #4 * Alt J'Uf f& 
^**ft«./9rA^.^trJlt#^.jfcffHfe ' ffijflfci&^ftt&Sfc&lt 
ft f t* A 4t Jt • 

1 4 • *» t If # *»J le, ffl 9 1 JS^r^t'hi^^ft^f 
« # * J& ' t* ft *£ ft & « 4l # Jf4 ft * LiNb03 : Fe 
BaTi03 *l & ^ * 4fr # B s a « • 

1 5 • *» t tfr * *I & ffl $ 1 ft it ^ >h 33 4t ft ^ f 

« # * * ' t£ ^ t e. if ^ it *~ # ^ ft % % #k ft & & # ** 

o 
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